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Introduction
This article presents the results of geological-geochemical studies carried out in the pockmark field in the eastern part of the Gulf of Finland.
As in other marine basins, the Holocene layers of marine sediments of the Baltic Sea are rich in gas-containing soils. The source of the gas (predominantly methane) is the gas generation processes accompanying the decomposition of organic matter contained in the soils. The specific morphostructures -pockmarks -of different diameters apparently form as a result of the soil particles forced out by the migrating gas. In the early 1970s, the anomalies in distribution of hydrocarbon gases in the waters of the Baltic Sea were first detected [1] . The geophysical and geological studies carried out during a series of expeditions in the Baltic Sea showed that the increased content of methane in bottom water layers is determined by the discharge of gas-containing fluids, whose localisation is a result of the specific geomorphologic structure of the seabed (depressions, craters, etc). Methane craters with peculiar gas-enriched sediments and increase content of methane in the near-bottom water were detected in the Baltic Sea within the Gdansk, Arkona, and Gotland basins [2] . Pockmark agglomerations can indicate the vicinity of hydrocarbon presence, geochemical, barriers, buried terrain irregularities, reduced zones and buried fractures both in sediment layers and the basement.
Pockmarks had never been detected in the eastern part of the Gulf of Finland before. They were first discovered during expedition operations in the south-eastern part of the Gulf of Finland (December 2009) by the authors of the article with the help of side-scan sonar and profile recorder data ( fig. 1, 2) . The form of craters is rounded, oval in plan, sizes in plan range from the first meters to the first tens of meters, the relative depth from the first tens of centimetres to the first meters. Fig. 1 . A general scheme of the operation site Pockmarks have been discovered in an area with the exodynamic situation of prevalent sediment accumulation. The area of pockmark prevalence lies within the intersection of the sublatitudinal and submeridional zones of fractures in the crystalline basement. The signs of free gas presence in the near-surface sediment were not found on the profile records of the areas studied.
On the basis of geophysical data, tow pockmark-like structures -H1 and H2 -were chosen in different parts of the studied area for further research ( fig. 1, 2) . 
Material and methods
Two monitoring stations collected samples of near-bottom and nearsurface water, bottom sediments, benthos and hydrobiological communities.
The sampling of bottom sediments was performed with the help of a stainless steel Van-Veen grab. The grabbing depth reached 50-55 cm in aleuritic and aleuropelitic sediments. Sampling was accompanied by sediment temperature and pH measurement.
Hydrobiological samples were collected with the help of a grab; later the material was washed through a sieve with a 1 mm mesh and fixed with formalin.
Water samples were collected with a plastic water sampler HYDRO-BIOS KIEL of a volume of 5 l from the near-bottom layer (0.3 m above the seabed). Water temperature and pH were measured with a field HI 8314 pH meter (Hanna Instruments).
Macro-and microelement content was detected in water and bottom sediment samples with the help of ICP-MS instruments, the content of major anions and cations in water samples through the ion electrophoresis method, and the organic compound content through the high performance liquid chromatography method (at the laboratory of Vodokalnal SaintPetersburg).
Results
The near-bottom water of pockmarks is characterised by a high for such depths and season temperature of +6.9 ºС, while at the background station beyond the pockmark area, it did not exceed +3.2 % at the same depth. The chemical composition of near-bottom water of pockmarks demonstrates a significant content of biogens and manganese (at the same time, the iron content is quite low) (table 1). The increased in comparison to the background content concentrations of major cations and anions K + , Na + , Mg 2+ , Ca 2+ , Cl -, SO 4 2-and Br -) in the near-bottom waters of the pockmark area (increased salinity) apparently indicate the filtration of water with the composition different from the marine salt.
The content of priority organic pollutants, except the stable compounds of a number of phthalates, is below the detection threshold (table 2) .
The discovered within the structures surface sediments (0-3 cm) are presented by a viscid homogenous aleuropelite of a brown colour with and impurity of an organic substance of a black colour. Below (3-15 cm), there is an interlayer of aleuritic dark grey sand with an organic impurity. At the 15-50 cm depth, the interlayer consists of saponaceous and dense to touch grey-yellow clay. The mineral inclusions are represented by quartz and ironbearing plagioclase. The bottom sediment did not exhibit any distinct signs of gas discharge, such as gas saturation of sediments, hydrogen sulphide smell, etc. The pockmark bottom sediments have a significantly ferrous composition in comparison to the background aleuropelites, as well as an increased content of almost all microcomponents.
In the course of fast sediment accumulation, their layers develop reducing condition, in which Mn dissolves and migrates upwards, enriching the oxidised layers of sediments and the near-bottom waters. In reducing conditions, Fe can deposit in the form of sulphide minerals, comprise corresponding clay minerals, etc. It is the first stage of Mn and Fe separation in the marine environment. The comparison of Fe and Mn distribution in the near-bottom waters and pockmark sediments brings us to a conclusion that pockmark bottom sediments lie in the borderline zone of a geochemical barrier, where the reducing medium of the incoming mineralised solution is slaked by highly oxidising marine water medium. It explains the increased content of Fe, which accumulates through the formation of organic polysulphides, clay minerals, etc.
One should mention that the sediments of the studied pockmark areas differ significantly in the composition and a number of components. So, the H1 pockmark sediments (sample 1) are rich in zinc and contain half as much Mn, i. e. are more oxidised. Apparently, this generation was exposed to local washing by sea water streams. This stream had more pronounced oxidising properties than the general marine medium, which accounts for the increased zinc content, which accumulated mostly through the sorption binding from sea water. The presence of a highly oxidising medium in the H1 pockmark area is confirmed by a lower, in comparison to the H2 pockmark, content of phtalate compounds (table 2) .
The analysis of lanthanides in the pockmark bottom sediment shows certain patterns in the distribution of rare earths.
The geochemical properties of rare-earth elements (REEs) are an indicator of reduction-oxidation geochemical processes. Traditionally, their geochemistry was studied within the petrogenetic analysis of igneous rocks, however, over the last years, the patterns of their distribution in different aquatic geochemical systems have been paid special attention to [8; 9; 13] . A study into the REE behaviour in different types of surface and groundwaters [10; 11] that, in the general case, the surface and groundwaters can inherit the composition and properties of REEs from the rocks or other water mass they interact with.
Of special interest is the study into the influence of aluminium and iron hydroxide colloids in rivers, estuaries, and seawater on the processes of REEs fractioning (the correlation between the light (La-Nd), medium (SmGd), and heavy (Tb-Lu) elements).
REEs are trivalent, with the exception of cerium (usually, 4+) and europium (usually 2+), thus the behaviour of these elements in comparison with other REEs is used as an indicator of redox conditions. The geochemical peculiarities of europium lie in its variable valency: in the conditions of earth's surface, given a free access of oxygen, it is trivalent, as all other REEs, but in the heated depths of the planet, in the absence of free oxygen it reduces to the divalent condition and becomes more movable, penetrating the hydrothermal solutions circulating in rock fractures more intensively than other REEs.
However, europium can become divalent not only in the depths of the Earth, but also in the conditions of sediment reducing diagenesis accumulating in developing new formations.
The analysis of REE geochemistry regularly involves the use of concentrations normalised to the North American Shale Composite (NASC) in order to exclude the influence of varying occurrence of chemical elements (the even ones are more widespread than the odd ones). Another focus is the magnitudes of cerium and europium anomalies expressed as Ce*=3Ce n /(2La n +Nd n ) [9, p. 216] ; and Eu*= 2Eu n /(Sm n +Gd n ), where "n" indicated that the compositions are normalised to the NASC.
As we know, sediments obtain most of REEs from the water [4, p.132]. Rare-earth elements in sediments are closely bound to phosphorus. An exception is cerium, which accumulates in oxyhydroxide authigene Fe-Mn sed-iments. The mechanisms of REE (III) accumulation can be explained by the sorption/co-deposition of REEs in iron oxyhydrooxides.
In the course of diagenesis, the form of REE spectrum remains almost unchanged, which reflects the initial conditions of sediment accumulation.
In order to identify the conditions of sediment accumulations, we used the following tests for lanthanide composition estimation [7, The spectra of REE distribution ( fig. 3 ) are homogenous for the studied sediments and are characterised by the excessive content of light lanthanides and the deficit of the heavy ones, which is not typical of marine sediment that exhibits the opposite pattern, and is characteristic of continental sediments. The cerium anomaly is negative ( fig. 3) , its values correspond to the pericontinental sedimentation conditions [7, p. 1104] . The observed distribution of lanthanides corresponds to the low sedimentation rates [4] . Eu* exceeds the average value in the Phanerozoic sedimentary rocks (Eu/Eu* = 0.61-0.72) [7, p. 1105] . Such Eu* value proves the presence of a boundary zone of redox barrier at the bottom sediment-water in the pockmark area.
The hydrobiological samples contained five species and taxa of above species rank (table 5, fig. 4 ). The basic part of biomass is comprised by the Saduria entoma isopods and Macoma baltica molluscs, the most abundant organisms are polychaetes. Samples exhibited radical difference both in the abundance of taxa and the degree of their dominance. Such variety in a small area indicates the discreteness of benthos organism distribution.
At the same time, the data obtained are comparable with those given in various publications. So, the distribution of most macrobenthos species (40 in total) is limited in the lagoon to shallow-water well-heated areas, while the others are inhabited by only several species, mostly relict crustaceans. In the coastal part of the Koporye Bay at a depth of 14-29 m, the macrozoobenthos biomass reaches 0.04-1.34 g/m 2 [5, p. 429 ]. Thus, the observed in the pockmark area biomass values (2.65-12.32 g/m 2 ) exceed the background values for the given water area. Apparently, the filtration of a solution of a different than seawater salt composition and the presence of a boundary zone of redox barrier at the sediment -water border in the pockmark area creates spots of anomalous microenvironment and influences the composition and development of benthos.
Conclusion
On the basis of the above materials, one can arrive at the following conclusions. 1. The increase in the background concentrations of major cations and anions in near-bottom waters of the pockmark area (increased salinity) is apparently a sign of the filtration of water with a different from seawater salt composition.
2. The comparison of iron and manganese distribution in the near-bottom waters and pockmark sediments and the analysis of lanthanide distribution in the bottom sediment indicates that the bottom pockmark sediments belong to the boundary zone of geochemical barrier, where the redox medium of incoming mineralised solution is slaked by the highly oxidising seawater medium. The highly oxidising environment in the H1 pockmark area is confirmed by a lower in comparison to the H2 pockmark contents of stable organic compounds.
3. The filtration of a solution of a different than seawater salt composition and the presence of a boundary zone of redox barrier at the bottom sediment-water border within the pockmarks creates spots of anomalous microenvironment and affects the composition and development of benthos.
4. Despite the data obtained indicating the filtration of a mineralised solution in the pockmark area, the problem of their origin remains unsolved and requires further research. To this effect, first of all, it is necessary to sample and study deeper bottom sediment horizons.
